The objective of this paper is to present the design of an information system using software agents. The features of the decision-making process concerning a working model of a hybrid energy grid and the functional requirements of the information system are described. Based on an analysis of the information flow occuring during the data processing for making appropriate decisions, a system architecture which combines a set of independent platforms, is proposed. Multi Agent System is used for the implementation and integration with other systems, such as a power system analysis tool, as well as presentation and storage tools.
I. INTRODUCTION
From a production perspective, electrical energy production has become more difficult as traditional big power plants use fossil fuel and therefore are regarded environmentally inappropriate, and as nuclear power plants are regarded inappropriate due to safety. However, to generate energy in large conventional power plant is cheap and not technically difficult. Furthermore, energy distribution to the user could be very expensive due to the significant losses that occur. Many countries are presently introducing the concept of distributed energy production and consumption by using renewable energy sources (RES). This means that the power system mainly consists of medium and small generators that are located directly next to the end user [13] The user cares individually about the use and maintenance of RES. Electricity is generated for user's own needs, and if there is excess, the user can sell it to the grid where other users can use this energy. The presence of several sources producing electricity, make such a system a hybrid system [1] . Successful examples of using solar and wind energy have already been shown, and the construction of hybrid energy systems has become more attractive.
In addition, RESs are becoming increasingly popular as they produce electricity in a more environmentally friendly way, and therefore are getting financial support from governments. In developing countries often the idea of using RES comes from private stakeholders. However, it is difficult for laymen to operate such grids with maximum benefit as the system is characterized by rapidly changing operating modes and configurations are depending on external conditions. The decision making process concerning the management of a distributed grid is complicated by the presence of a large amount of discrete variables that are affecting the system. It can take a long time to make a decision as you want to be sure that the right decision was made with respect to maximize benefit. Thus, it may be convenient to use Decision Support Systems (DSS), which can take on some the user's tasks. However, before the creation of a DSS, it is necessary to build an information model that can be used to provide the appropriate information to the DSS. It is necessary to determine exactly, what type of tasks that will be taken over by the system, how to solve these tasks, and how to provide the necessary data to the system.
The key goal of this research relates to the development of the architecture of an information system for assessing the current condition of the grid and predicting the future behavior of the grid To achieve this goal we have identified a set of research tasks, which have their own sub-goal:
 Analyze the state-of-the-art in creating DSS by doing a comparison of existing approaches with the aim to determine their usefulness, strengths and weaknesses.  Determine the features of the study object -hybrid energy system. Here we should consider not only the physical structure of system, but also features such as weather conditions, users' behavior, etc., which influence the system.  Determine what information should be provided by the DSS, which can also be regarded as requirements for system functionality.  Determine the whole cycle of the process of making decision concerning developing information model. At this stage, it should take into account not only the results that will be obtained in the previous stages, but also the ways of software implementation.  Describe the architecture of the system 
II. LITERATURE REVIEW
There is a lot of research studying the operation of the grid. In this section, we present a review of the previous work related to the planning of grid with RES.
A vast majority of the systems have been designed to work with hybrid energy system in a particular region. During the planning process of such power grids, two types can be distinguished:
 Stand-alone hybrid system [8, 9, 14]  System with connection to an external grid [4] .
Also, the DSS differ in their ultimate goal:
 Prediction system to determine the type of the used resource [10] .  System for investigating the performance based on the optimum design of hybrid systems [8, 6, 14, 10]  Prediction system to determine the output and the consumption of energy [2, 7] .
Moreover, the DSS differ in their modeling approach:
 Systems based on simulators for dynamic models [9, 16, 4, 10] .  Systems with analytical models [2, 8, 6] .
Finally, for making decisions, special frameworks can be used [4, 10] or systems can combine special techniques to make decisions: linear programming dynamic programming, multi-objective methods, etc.
Brief descriptions of the systems under consideration are given in Table 1 .
Although extensive research has been done, it mainly focuses on determining the optimum number of PV/wind power generators. On the other hand, some models are proposed to predict the performance of an energy system, but do not address the energy management for scheduling consumption and selling energy. Thus, it would be useful to build a universal system that could solve all these tasks. In addition, all systems were constructed integrally with the minimum number of independent modules and most of them do not offer any interactivity. Especially complex and confusing for the layman is the treatment of the grid model. Thus, the DSS architecture we propose should take into account all these factors, and based on them and also the physical structure of the grid.
Summarizing all the above, it was decided to develop an information model that is not for a specific grid that physically exists, but a more general model. This decision is based on the desire to build a common information system that can be applied to any laymen in the planning stages of building a grid, as well as for further analysis of its operation. This abstract model also requires the definition of a possible physical implementation, featuring the functionality of its constituent parts.
The DSS architecture proposed in this paper is taking into account all these factors.
TABLE I. BRIEF DESCRIPTION OF SYSTEMS

Reference
System Description [2] A method for calculating the optimum size of hybrid photovoltaic (PV)/wind energy system, with performance by hourly basis. [10] A technical and economic study to design a hybrid PV/wind power generating system for one domestic in India. [6] A technique for analyzing the performance of the autonomous PV/wind hybrid energy systems. [9] A technique to determine the optimum size of hybrid PV/wind energy system. [14] A computer-based approach for evaluating the general performance of stand-alone PV/wind generating systems. [8] A new integrated tool and a framework for making complex decision process in the UK energy sector. [4] A new framework that includes tools for the monitoring and management of housing energy systems. The proposed tools are tested on realistic instances based on the Italian electricity market
III. THE FEATURES OF THE CONSIDERED ENERGY SYSTEM
The term hybrid renewable energy system (HRES) is used to describe any electric power system with more than one type of renewable energy source such as PV, wind, and PV/wind. [7] Such system can be also connected to an external grid.
The type of HRES considered in this paper is illustrated in figure 1 . There is a group of buildings with installed PV (solar) panels. There is also a common park of wind generators and an energy storage bank. Furthermore, there is a connection between the hybrid energy system and an external grid, both for covering consumption peaks and for selling surplus energy.
In every house there is a work schedule of electrical equipment, as well as a model of additional electricity consumption, depending on the daily routines (weekdays, weekends and holidays). Note that in the schedule, the different working days may vary, power consumption may differ significantly according to this schedule. For instance, the consumption at night and holidays may differ from the daily working at 10-12 times.
Fig. 1. A Schematic Idea of the HRES studied
The question of which renewable energy source to choose has been considered in [16] . The reason for using a common park of wind turbines is that in order to generate a large amount of electricity, wind turbines should be placed on a flat ground with no barriers to air flow. Installation of small wind turbines on the roof of each building does not give enough power in a temperate continental climate. In addition, it should be noted that in most areas with a temperate climate, the of wind intensity changes throughout the year. In the winter, the wind is much stronger than in the summer. For the wind generator setup, this means that in the summer the produced energy is 1.5-2 times less compared to the winter [15] .
The intensity of solar energy also is very different depending on the season. If the amount of solar energy on a summer day is 5-7 kWh/m2, it may fall to 0.8-1.2 kWh/m2 on a winter day. Thus, wind turbines work best in winter, and solar panels in the summer. Therefore, it is logical to combine these energy sources into one system. The challenge is to choose power of wind turbine and solar panels in such way that energy production meets the consumption demands during the whole year.
The existence of several sources generating capacity in the system, as well as the mechanisms for storage and sale of electricity, causes the need of a large amount of input data for the construction of an appropriate information system for forecasting energy consumption and sales. Moreover, there is a large number of output and other information that the system should provide. Thus, before designing the system, it is necessary to determine what questions that must be answered by the system and based on them to determine the necessary input information.
IV. QUESTIONS TO THE FUNCTIONING OF THE INFORMATION SYSTEM
The structure of hybrid grid was determined in previous sections, and in previous research [17] was given the analysis of existing methods, that can be applied in information system and tasks of the information simulation of distributed power grid. Thus, on this step can be determined functional requirements, which describe functions that the system executes. They are sometimes known as capabilities [3] .
The user of the system eventually wants to know when, from what resources and what amount of energy can be produced or consumed, as well as the best time of the power storage and sale. Thus, were determined next groups of functions with their sub-functions, which helps to get answers:
 Gathering information on:
─ weather forecasts for the area (temperature, solar insolation, wind speed, cloudiness, etc.); ─ rates of "green tariff"; ─ technical characteristics of the object of observation (the capacity of the grid, the amount of solar insolation etc.); ─ the energy consumption by users.  Working with data:
─ to transmit collected data to the system server; ─ to perform data processing and storage;  Analytic functions:
─ Hourly forecast of the production of electricity from renewable energy sources, based on the forecasting the weather. ─ Prediction of energy consumption based on appropriate forecast, which operates hourly historical data about energy consumption during the day in each month of the year; ─ Prediction of electricity sales, based on appropriate forecast, which operates data about "green tariffs".  Providing the visual representation of information in graphs, tables, and reports.
After determining the functionality, it becomes possible to present the information model of the system. Modelling enables a common and comprehensive understanding of a process and can serve as a basis for developing the architecture.
A Data Flow Diagram (DFD) shows the Information View as required data flows between the functions of a system. A summarized scheme of the decision making process at the top level is shown in Figure 2 . To display all of the functionality of the system in accordance with this process, it is necessary to define the basic subsystems and functions to divide between them.
V. THE DISTRIBUTION OF FUNCTIONS BETWEEN COMPONENTS
OF INFORMATION SYSTEM
The main actions that the information system should provide are the collection, transmission and storage of information, data analysis, modeling and forecasting, the optimization of consumption and providing recommendations for management decisions, and also providing results in a convenient and understandable form for the users. This makes the structure of the system and it is necessesary to divide it into to several interacting subsystems.
As there are a great variety of approaches of implementing the operation of such systems, the individual subsystems could be implemented in different ways, and we can select the one most suitable for the task. Furthermore, this approach provides an opportunity to improve one part of the system without affecting the others when new requirements on the subsystems or technologies emerge. Table II summarizes how the different subsystems are implemented in the first version of the system. The use of methods of forecasting and optimization in Matlab, when working with a simulation model based on the data collected. Methods are used to achieve the maximum benefit when consuming and selling electricity.
Results Presentation
Web-server and GIS-server to provide information to the user in a clear and simple form with the view of a particular grid on the map. In addition, a web interface is used for user input of the desired characteristics of the grid (about the usage of PV panels and/or wind turbines, energy consumption mode, etc.). The reason for presenting information in this form is that the modeling of the grid and decision-making are provided by mathematical software packages with interfaces that are complex to understand for the layman.
In this paper, decision-making is based on modeling of power supply system with the physical features which have been identified above. Initially, it was told that the system should be universal, but there are different grids that connect the system and the system itself may consist of a number of elements and different capacities.
The solution of this problem is provided by the creation of a interface where the user can specify the desired scheme of the grid. But this raises the question of how to model and analyze a system that is not fully known. We propose the use of software agents to handle this.
A multi-agent system is a combination of several agents working in cooperation and to meet certain challenges in order to achieve the system goals. Agents are autonomous in that they can operate without human intervention, are socially-oriented in how they interact with other agents through the language of communication that is understood by all participants. Agents can also sense and respond to environmental perturbations. A multi-agent system is active and able to take initiatives to cause behavioral changes in the grid.
An agent-based approach will help maintain the positive features of the classic client-server approach and overcome most of its weaknesses. When using the agent-based approach, the application is logically divided into a plurality of components having a large degree of autonomy and are able to communicate with each other. Also, the use of agents makes it possible to balance the load between multiple computing subsystems and conduct parallel processing of data by the asynchronous communication between the agents and the possibility of moving the agent code on the network. Application of this method allows to make full use of existing computing resources and thus solve the problem more efficiently.
There are many approaches based on the principle of assigning an agent for each grid element. This makes it possible to organize the work efficiently, since in this case, each agent is responsible only for a grid element. The agent contains the parameters and characteristics and performs calculations associated only with this element. We propose to use agents not only for the grid simulation model, but also to provide all the functions in the system.
Agents can be built according to the specification FIPA (Foundations for Intelligent Physical Agents). According to its agent platform via TCP/IP connected to external platforms [18] . To determine the set of agents necessary to distribute the system functions among its elements, we analyzed the information flows in the system, which are presented in Fig. 3 . In the figure all processes for reading and transmitting data are operated by agents.
During the analysis of information flows, we arrived at the set of agents and their interaction that is shown in Fig. 4 . Fig. 3 
. The Information Flows in System
In the analysis and design of agent-based systems methodologies are used. In this case, as the methodology was used Gaia. According to it, the projected system is represented as an organization, which functions by implementing a set of roles. In the context of the Gaia Agent is an active program module which plays a set of roles. Fig. 4 . An interaction between agents Agents are grouped by their functional purpose:
 Interface agents -provide interaction with the user, e.g.
presenting output information to the user in a convenient form.
 Device agents -gather information on the operation of technical objects in the hybrid power system (e.g., control switch on/off).  Functional agents -transmit relevant data for modeling, forecasting and optimization: load, generation and price predictions, for optimal using RES for generations and sales.  Coordinating agent -receives all partial or local plans from individual agents, analyses them to identify potential inconsistencies and conflicting interactions.
VI. THE ARCHITECTURE OF THE INFORMATION SYSTEM
At present, the term "architecture" is used very widely in the practice of designing systems, but it has many different interpretations. In accordance with the international standard for architecture descriptions of systems and software ISO/IEC/IEEE 42010 Systems and software engineering -Architecture description [11] , the system has an architecture that can be described from various views of stakeholder, by considering the system architecture. Each point of view on the architecture of the system corresponds to viewpoint, which is based on a set of models kind. In [5] authors determined two points of view:  A conceptual viewpoint, which describes the system in terms of major design elements and their interactions;  An implementation viewpoint, which gives a view of the system in terms of modules or packages and layers;
An architecture description of the system from an implementation viewpoint, including agents, but without describing all processes is presented in a figure 5. It should be mentioned, that an information system has a three-tier architecture using software agents. At the first level architecture clients are presented and through created for them an interface they can access to the system and obtain information in a simple to understand form (graphs, charts, maps). On the second level is the logic implemented (charts, models and forecasts), and on the third, storage (the database level). This information & analytical system of the electrification of buildings and forecasting electricity sales is planned for implementation as a web resource for authorized access of users are providing resource management and operational analysis of the management system of electrification. Thus, before creating the system, it has to divide the functions and actions of system users.
VII. THE USE CASE DIAGRAM OF THE INFORMATION SYSTEM
For determination of all possible expected behavior of the system, Use Case Diagram are often used. They show a set of use cases and actors (a special kind of class) and their relationships [12] .
Use Case Diagram combines actors and use cases, and the relationships between them define a small set of relationships to structure actors and use cases. Some use cases relate to others by:
 Extending -An extend relationship implies that a Use Case may extend the behavior described in another Use Case, ruled by a condition.  Including -An include relationship means that a Use Case includes the behavior described in another Use Case.
Generalization relationships in this case are presented between actors and means that "child" inherits all features and associations of the "parent", and may add new features and associations.
The main functions of the system's users are presented in Fig. 6 in the form of a Use Case Diagram. The use cases can be seen as a set of requirements to the system or responses that end-users of the system would like to receive. In addition, this diagram allows to determine the users and boundaries of the system, as well as a possible system interface. The actor "Administrator" should have full rights of webresources management. The Administrator is responsible for the allocation of access rights to the users of the system, has the right to make and edit all the data for analysis, and decision-making and adjustment of all output data. Also the administrator is responsible for content filling inside the website, database administration, and creation of backups.
The functions of the "Operator" are data collection of information resources and entering the collected data into a unified database. During entering all data are verified and after successful verification record into database. A person enters these data, as it cannot be derived automatically from external resources. The user and the owner of the power grid act as one entity "User" that performs analysis of the recommendations made by the system on a daily basis.
The actor "Website with weather data" is an external system and its functionality is automated completely.
VIII. THE FURTHER DEVELOPMENT
The set of simulation models will be the basis of the decision-making process, and processing of information flow in the system is considered by combining modeling based on agents with simulation using dynamic models.
The development of software implementation of an information system as website has begun according to the architecture described above. In creating the system, the following main components can be distinguished: Web Server; Website; Agents Platform; Decision Maker Server based on simulation modeling; Database Server; GIS Server.
For their development we are considering the following tools: Server Platform NodeJS; a combination of HTML5, CSS and JavaScript for website, creating; JADE for implementing agents; MatLab to create a simulation model and decision-making; MySQL Server 5.5 as the database server; Quantum GIS as a server for the creation geographical information subsystem.
IX. CONCLUSIONS
Making decisions about the operation of hybrid distributed energy grids is a decentralized problem that can be addressed through building appropriate information and analytical DSS systems. In accordance with the presence of large amount of scattered information and the different tasks involved in the operation of the system, it is appropriate to use in a number of different components in the system. Therefore, we proposed a multi agent system platform for the implementation and integrating with others, such as power system analysis, presentation, and storage tools. This paper addressed the problem of a scientific substantiation and solving problems with efficiency in data management for information flows in distributed hybrid energy grids through the development of information models of the system. Based on the analysis of previous research we proposed an information system using agent technology and provided an architecture description of information system for the prediction of hybrid power generation and energy sales. It was built according to the analysis of information flows that occurs during the processing data for making appropriate decision and based on set of developing information flow.
The whole system was presented in the form of parts according to the three-tier architecture. We also identified agents corresponding to each process going on in the system. We believe that proposed architecture and information system for the management of renewable energy sources and further implementation will allow to efficiently carry out the management of grid productions, sales and support.
